The increase in number of magnetic resonance imaging (MRI) scans for investigation of neurological diseases in childhood and adolescence leads to increase of incidental findings of central nervous system (CNS) tumors in these stages of life. Among MRI techniques, diffusion-weighted imaging (DWI) and diffusion tensor imaging (DTI) have been increasingly used in brain studies. These images are based on random motion of water molecules in the body, which can change depending on constitution and geometry of biological tissues, as well as the existence of pathologies. This paper reports the use of DTI and DWI to evaluation of a CNS tumor incidentally detected in a patient diagnosed previously with Attention Deficit Hyperactivity Disorder (ADHD). He was diagnosed at age 9 and has been treated with medicines and psycho-pedagogical therapies. At age 15 a MRI detected a cerebellar vermis tumor with a volume of 2 cm 3 . Due to parental decision, the patient did not undergo any surgical intervention. During the follow-up period we did not observe significant changes in tumor size or diffusion directions in the tumor and surrounding brain tissues. The main brain tracts presented normal diffusion patterns, both in terms of size and geometry. The DTI analysis showed that lesion was quite homogeneous and isotropic, with no significant restriction of diffusion. There also were no significant diffusion pattern changes in other regions of the brain which possibly could be related to ADHD. So, given the characteristics of lesion and the patient's clinical symptoms, it cannot be directly related to ADHD.
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Introduction
Central nervous system (CNS) tumors are the second most common neoplasm in children, after leukemia. However, their mortality and morbidity rates are three times higher than in leukemia patients. According to literature, astrocytomas are the most common primary brain tumors in children. Posterior fossa and supratentorial tumors occur with approximately the same incidence. While supratentorial tumors are more common among children aged 2 to 3 years, infratentorial tumors are found predominantly among children aged 4 to 10 years. Symptoms of childhood CNS tumors vary according to the patient's age and the characteristics of the disease. Patients may present with enlarged skull circumference, nausea, vomiting, headache and lethargy. In some cases, decreased visual acuity, seizures, ataxia and hemiparesis may also occur. However, thereare cases, in which the patient does not present symptoms and the tumor is found indirectly.
1
DTI has been used for tumor characterization, surgery planning and research.
2,3 These images combine MRI techniques with diffusion measurements, so each pixel carries information about the random of water molecule displacement in biological tissues. DTI can be calculated using DWI obtained in at least six different directions, providing indexes as to the directionality and magnitude of water molecule displacement, which may vary for different tissues and depending on pathological conditions. 4 ►Table 1 shows the main calculated DTI indexes (DTIis) and their corresponding meanings. The indexes described below are: mean diffusivity (MD), fractional anisotropy (FA), relative anisotropy (RA), volume ratio (VR), skewness (S), sphericity (C s ), linearity (C l ) and planarity (C p diffusion directions. 5 Moreover, these images can be helpful for surgical planning, providing information on brain connectivity. It is therefore possible to obtain knowledge on lesion areas, which can be resected with little damage to healthy brain tissues.
6,7
ADHD is a common psychopathological disorder in children, affecting $5.3% of children and adolescents. In many of these cases, ADHD does not diminish during adolescence, and can persist into adulthood as a full clinical condition or as a partial syndrome in 60% of the cases, becoming a chronic condition. A prevalence of $3.4% has been shown in individuals aged 18-44 years. 8, 9 In this pathology, the purpose of diagnostic imaging is to identify common patterns in brain metabolism and/or structures before and after therapy. Volumetric MRI measurements of 107 children showed that those with ADHD, who did not respond to Methylphenidate (MTP) therapy, had a thinner medial prefrontal cortex than children who responded to medication. 10 A reduced volume of the corpus callosum has also been associated with a reduced response to medication. 11 In some cases, ADHD may be associated with other pathologies or even mask them. A study described a pineal gland germinoma in a patient that was diagnosed with ADHD and treated with MTP for 3 years. After the patient reported blurred vision for 6 weeks, a more accurate investigation of the pathology detected the lesion.
12
Given this context, this study describes the use of DTI to evaluate a brain tumor incidentally found in an adolescent suffering from ADHD.
Case Description
A 16-year-old male patient presenting symptoms of hyperkinetic disorder as of age 5, as well as a disorganized and excessive motor activity and attention deficit. At age 9, his school and behavioral problems increased, leading to the ADHD diagnostic. A treatment with MTP was purposed. The patient did not show problems in oral or written communication and his electroencephalogram (EEG) was normal. During the neurological evaluation, imbalances in developmental forces and rhythms were observed. The recommended action was to reduce media stimuli and the intake of psychostimulant foods, as well as provide support to help overcome specific learning difficulties. Mealtimes and sleep-wake cycles were also controlled and adjuvant anthroposophic medication was applied, which improved his clinical condition. 13, 14 At the onset of puberty, the patient's behavior worsened (patient became aggressive toward his family), despite the improvement of his school performance. At age 15, the first brain MRI was performed to detect ADHD-related anatomical changes. The scan identified an expansive process located in the upper portion of the cerebellar vermis, in the midline, in the posterior-anterior direction, measuring 2 cubic centimeters, bulging into the fourth ventricle. The lesion presented hyperintensities on T2 and FLAIR (►Fig. 1), with no apparent diffusion restriction and no postcontrast enhancement on T1 and multiplanar reformatting. The findings suggested a pilocytic astrocytoma, although this tumor is usually found in cerebellar hemispheres. Following the family's decision, the patient underwent conservative treatment; no biopsy was made, nor was the lesion removed. One year later, the MRI did neither show changes in lesion size or location, nor in diffusion standards, which suggested a low-grade glial tumor. All other exams were normal, and there were no classic signs of expansive posterior fossa tumors, such as intracranial hypertension (headache/vomiting, bradycardia, hypertension) and changes in balance and movement. The follow-up MRI images with DTI were obtained on a 3-Tesla Siemens Verio MRI system (Siemens, Erlangen, Germany).
Discussion
For DTI analysis, we used the ExploreDTI software.
15 From the tensor we extracted eigenvalues and based on them, we calculated the DTIis (►Table 1). The mean values and standard deviation of these indexes (►Table 2) were obtained from a Region of Interest (ROI) surrounding the tumor (►Fig. 2a). The diffusion ellipsoid, the registration between diffusion ellipsoid and directional diffusion image, as well as the directional diffusion image calculated are also shown (►Fig. 2b-d). Tumor MD and FA values suggested a low-grade and homogeneous lesion, with no significant diffusion restrictions. According to literature, low-grade astrocytomas are the tumors, whose diffusion characteristics come closest to those found in this study. 5 The calculated anisotropy indexes also point to an isotropic lesion, because there is no preferential diffusion direction, as observed in the surrounding tissues. Geometric DTIis confirm the isotropic aspect of the lesion, because C s is close to 1 and C l and C p are low, indicating high tensor sphericity and diffusion isotropy. In addition to the DTIis, we analyzed the Coefficient of Variation (CV) for directional images (►Fig. 3). On these maps, each color represents diffusion along different orientations (blue: inferior-superior; green: anterior-posterior; red: right-left). Additionally, hypointense areas are related to low-magnitude and directionally dependent diffusion (isotropic diffusion) and hyperactive intense regions reflect high-magnitude and directional diffusion (anisotropic diffusion). We did not observe significant changes in directional diffusion near the tumor or surrounding brain areas. The main tracts, even near the tumor, show normal diffusion patterns.
The studied patient presented several symptoms, which are typical for ADHD. The MRI scan detected a tumor, whose characteristics cannot be directly associated with this disorder. Since the family did not authorize a tumor biopsy, which is the gold standard for classifying and characterizing lesions, the patient's follow-up was restricted to MRI. No abnormal diffusion patterns or DTIis values that are typical for tumors and cortical changes related to behavioral and psychological disorders were found in other brain regions. Directional diffusion CV images (►Fig. 3) did not show significant changes in the diffusion along the main brain tracts, which, if present, would indicate connectivity changes, which may be related to ADHD.
Cerebellar vermis tumors often lead to poor motor coordination and poor balance, as well as to other neurological symptoms, such as those associated with intracranial hypertension syndrome. However, we have to consider that the cerebellum acts in learning and behavior. Contrary to a studied report, this particular patient does not present any symptoms that can be directly related to tumor expansion or even structural changes in cortical areas that may be associated to ADHD or other behavioral and psychological disorders, which are prevalent in this case report. The main brain tracts presented normal diffusion patterns, both in terms of size and geometry.
Conclusion
Currently, DWI and DTI have proven to useful in the investigation of CNS diseases, including brain tumors and pathogenesis of ADHD. In the reported case, the search for cortical changes that could be related to ADHD resulted in the detection of a cerebellar vermis tumor.
